The biofilm formation potential of a drinking water supply system is related to the chemical, microbiological and hydrodynamic characteristics of water, and to the pipe materials in contact with water flow. The goals of this study were: to determine the biofilm dynamics in a model of four drinking water installations, to simulate daily household water consumption; to compare the biofilms developed on different polymer pipe materials and their influence on bacteriological water quality.
INTRODUCTION
Biofilms represent about 95% of the overall microbial biomass in drinking water distribution systems (DWDSs) (Flemming et al. ) . The biofilm formation process is closely related to water characteristics (such as composition, temperature, flow velocity, shear stress, etc.) and to the substrate for microbial attachment, characterized by its roughness, hydrophobicity, surface energy and 'biological affinity' (Flemming ) . focused on the effect of pipe materials in a reference setup, simulating the intermittent water consumption of a domestic plumbing system. Under that flow condition, the lowest biomass was detected on polyvinylchloride chlorinated (PVC-C) pipes, while the highest HPC was in the biofilm on PE cross-linked. These very few data on microbial growth properties of pipe materials in real domestic installations or their models are the reason why the goals of this study were: to assess biofilm formation in a model of domestic drinking water installations simulating daily household consumption; and to compare biofilms developed on different pipe materials in these periodical flow conditions and their effect on bacteriological water quality.
MATERIALS AND METHODS
The study was carried out in a model of four domestic drink- 
Operational conditions
Each pipeline simulated the daily water consumption of a household in the morning, at noon, and in the evening.
Three working regimes (A with duration of 12 min, B of 6 min and C of 3 min) were used for simulation of water consumption: in the morning -BAC; at noon -CAC; and in the evening -BAB. Between two consecutive regimes of water consumption the magnetic valve was shut-off and the water inside the model remained still from 1 to 8 hours.
The total daily flow-through time was 63 min (4.4% of the total daily operation time).
Biofilm analysis
One test piece was taken from each pipeline of the model at certain intervals of time. After the outer surface of the test piece was disinfected by alcohol, the inner surface was wiped with a sterile cotton swab dipped in a physiological solution. Next, the test piece underwent three consecutive treatments for 4 min in separate solution volumes in an ultrasonic bath (Apronex; 40 kHz). The individual portions were pooled. The biofilm suspension was analyzed for 
Statistical analyses
A significance t-test for comparison between a pair of biofilm (or water) samples was used, as the truth of a null hypothesis was tested. The difference between logarithms of two compared values was considered significant when the experimental value of t was greater than the t-value from t-distribution at P of 0.05 and degree of freedom n (Miller & Miller ) .
RESULTS AND DISCUSSION
During the model operation the feeding water met the requirements for drinking water quality -nitrate content of 2.3 ± 1.8 mg/l, ammonium below 0.01 mg/l, phosphate of 21.5 ± 10.6 μg/l, oxidisability of 1.8 ± 0.8 mg O 2 /l. Only the residual chlorine content was permanently low (0.02 ± 0.01 mg/l) because of the dead-end building location and low water consumption in this section. Bacteriological water quality was good -no E. coli, coliforms and enterococci were detected. As in domestic installations, the water temperature in the model to a large extent followed the room temperature varying in the range 10-21 W C (data presented in Figures 2-4 ).
Biofilm dynamics in the domestic drinking water installation model
The dynamics of biofilm formation on the pipes (as HPC)
under the periodic flow conditions are presented in Figure 2 . No coliforms and enterococci were detected in biofilms during the model operation.
All pipe tubes showed different initial bacterial colonization on the 3rd week of model operation. The biofilms on PP-1 and PE achieved a pseudo-steady state after 5 weeks, while one on PVC-C achieved it after 17 weeks. The biofilm on PP-2 pipe attained a steady-state at least after 20 weeks, as a result of intense initial colonization, probably due to a stronger initial migration of substances from the pipe, followed by a significant decrease of biofilm density.
In 2010, the biofilm samples showed significant differences in their bacterial densities, with two exceptions: the biofilms on PP-2 and PVC-C in the 5th week (|t| of 1.6 < t of 2.8 at n ¼ 4) and those on PE and PVC-C pipes in the HPC value of inlet water was 34 ± 16 CFU/ml, while for outlet waters they were: 57 ± 25 CFU/ml for PP-1; 60 ± 42 CFU/ml for PP-2; 77 ± 40 CFU/ml for PVC-C and 90 ± 49 CFU/ml for PE. Based on data comparison, the noticeable impact of the biofilms on water quality was statistically confirmed: for PP-1 |t| of 2.9 > 2.1 at n ¼ 16; for PP-2 |t| of 2.3 > 2.1 at n ¼ 20; for PVC-C tof 3.4 > 2.1 at n ¼ 20; for PE 
CONCLUSIONS
The study, simulating domestic installations in a model with periodic water consumption, has extended our knowledge of biofilm formation in real domestic plumbing made from polymer pipe materials. The results showed that:
-Biofilm formation on the pipelines depended on the material type. The biofilms on PVC-C and PE pipes had higher bacterial density than the biofilms on PP brands.
-Biofilms developed on the pipelines had a substantial effect on the viable bacteria numbers in the overnight stagnant waters and in the outlet waters during the daily water consumption periods. HPC of both water types and water temperature followed a similar curve pattern, demonstrating significant seasonal variations. In summer HPC was raised up to seven times higher in the stagnant waters and up to four times higher in the outlet waters than the winter.
Although water temperature is important for microbial growth control, in new domestic installations the other factors, such as initial migration of biodegradable substances, pipe surface properties and periodic water flow, could have a more significant influence.
